White-clawed crayfish Austropotamobius pallipes (Lereboullet) populations remain strong in Ireland across a range of river and lake habitats, but the species is in decline elsewhere in Europe where it is sympatric with alien species. From comparison of published French and Irish studies, we suggest that in the changed European context the long-term health and survival of this species requires the maintenance of Ireland's no-go status for non-indigenous crayfish.
INTRODUCTION AND BACKGROUND
The threatened white-clawed crayfish Austropotamobius pallipes was the first European crayfish to be listed in Annex 2 of the EU Habitats Directive. Its range is broad, being found in some 18 European territories from Spain to Austria and the Balkans, and from Italy to the British Isles (HOLDICH, 2002, SOUTY-GROSSET et al., in press ). However, the species is in decline, attributed to a variety of causes, including over-fishing, pollution
Article available at http://www.kmae-journal.org or http://dx.doi.org/10.1051/kmae:2006014 and disease. Non-indigenous American crayfish species are now sympatric across its range, except in Ireland (HOLDICH et al., 1999) and crayfish plague is endemic wherever American crayfish occur.
Indigenous Irish white-clawed crayfish have a close genetic similarity to populations in western France (SOUTY-GROSSET et al., 1999) , and may be derived from them in historic or pre-historic times (REYNOLDS et al., 2002b , GOUIN et al., 2003 . SWAHN (2004) indicates that the monastic orders in France were major users of crayfish in the tenth century, and it has been speculated that this might have been the origins of the Irish populations (REYNOLDS, 1997) . A comparison of populations in the two countries, therefore, may indicate differences related to presence and absence of non-indigenous crayfish, with the attendant risks of crayfish plague, and could be useful in determining the survival prospects of this threatened species in Europe. However, differences in the size of water-body supporting crayfish populations often necessitated the use of different sampling methodology, so that population estimators cannot be directly compared.
White-clawed crayfish remain widely distributed across both Ireland (REYNOLDS, 1997 , DEMERS and REYNOLDS, 2003 , DEMERS et al., 2005 and France (CHANGEUX, 2003) . Where geology is suitable, there are large populations of crayfish in many Irish rivers and some lakes, as well as headwater streams (REYNOLDS et al., 2002b , DEMERS et al., 2005 . In France, however, while white-clawed crayfish are present in most Départements, many populations have disappeared and densities are diminishing (VIGNEUX et al., 1993; CHANGEUX, 2003) . Ireland suffered one documented outbreak of crayfish plague in the 1980s. By contrast, France has had recurring plague outbreaks and alien crayfish are widespread (CHANGEUX, 2003) .
Crayfish populations have been studied in most major Irish river catchments, including the Corrib (McFADDEN and FAIRLEY, 1984) , Liffey and Boyne , Nore (LYONS and KELLY-QUINN, 2003) , Barrow, Suir, Munster Blackwater and Shannon (DEMERS and REYNOLDS, 2003) . Water quality and HortonStrahler stream order for crayfish sites in these rivers have been estimated conservatively from the 1: 440,000 map accompanying McGARRIGLE et al. (2002) . Most studied stocks were in third to fourth order stretches, up to 100 km from the source, where water quality was often rated slightly or moderately polluted, based on invertebrate faunal samples. However, crayfish catches were good, with mean CPUE values from 2 to 24 crayfish per trap night.
In France, white-clawed crayfish populations have been studied, for example, in the Loire (BROQUET et al., 2002) , Maine (NEVEU, 2000) , Corrèze (REYJOL and ROQUEPLO, 2002) , and Poitou-Charentes: Vienne (GRANDJEAN et al., 2000) and DeuxSèvres (TROUILHE et al., 2003) . In contrast to Ireland, these stocks only occurred in first or second order streams a maximum of 10 km downstream from the source, and water quality was generally good. Crayfish densities were 2.5 to 26 per square metre, probably comparable to those seen in small Irish streams, but stocks were generally small and restricted in extent.
DISCUSSION
Crayfish streams in Ireland and northern and western France are broadly similar in type and water quality, although some French headwater streams are more forested. However, the largest Irish crayfish stocks occur in higher order rivers and moderately large lakes, while today French stocks are generally restricted to headwater streams. In Great Britain, also, most white-clawed crayfish populations are restricted to first or second order streams (e.g. SLATER et al., 2004) , although in northern catchments, particularly in the "no go" areas for alien crayfish, they may occur for long distances downstream (S. PEAY, pers. comm.).
The French situation has been interpreted as showing a demand by this species for high water quality (GRANDJEAN et al., 2002) , but mild or even moderate organic pollution per se appears not to be a limiting factor for this species in Ireland REYNOLDS, 2002, 2003; GALLAGHER, 2002) or elsewhere (FÜREDER and REYNOLDS, 2003) . In Poitou-Charentes (France), TROUILHE et al., (2004) have shown that the limiting factor seems to be some form of organic matter; sites without A. pallipes were distributed according to organic matter parameters.
The one documented Irish outbreak of crayfish plague in the 1980s decimated crayfish in the Boyne system and perhaps elsewhere , the spores of Aphanomyces astaci probably brought in accidentally with recreational fishing gear (MATTHEWS and REYNOLDS, 1990) . Today, long stretches of the Boyne, although apparently suitable in habitat and water quality, remain devoid of crayfish (DEMERS et al., 2005) . The impact of alien American crayfish, through transmission of plague spores as well as direct competition, thus may be a major or perhaps even the main reason for the sporadic loss of native crayfish populations or for their restriction to isolated headwaters on the European mainland, and has serious implications for survival of native European species. Ireland then becomes a crucially important area for the white-clawed crayfish. How can its populations be protected?
Potential for Irish crayfish conservation has previously been discussed by REYNOLDS and MATTHEWS (1996) and REYNOLDS et al. (2002a) . The first proposed a controlled relaxation of the ban on crayfish capture, to enhance public interest in its protection, while the second made management recommendations to protect the Irish stocks, so that they would be better protected for possible restockings in Ireland and elsewhere. These recommendations included preventative measures to exclude spores of the crayfish plague oomycete Aphanomyces astaci from entering Irish waters, and maintenance of the prohibition on imports of non-indigenous crayfish.
The specific legislation under the Fisheries Acts, preventing the introduction of alien crayfish species into Ireland, was successfully invoked to resist attempts to obtain licences for importation of American signal crayfish Pacifastacus leniusculus in the 1990s and no introductions took place (REYNOLDS et al., (2002a) . While Northern Ireland is governed by UK Legislation, the authorities North and South have adopted a joint approach to restricting imports of alien crayfish, which so far has held. However, a new approach is required in the changed European context. There have been regular sightings in Ireland of captive crayfish in the aquarium trade; various crayfish species can now be purchased through the internet, and live crayfish are sometimes seen in Irish fish shops. The legislation to prevent distribution or sale of such imports appears deficient. In the UK, several pieces of legislation exist to protect the native crayfish (SIBLEY, 2003) , but with alien crayfish already spreading across the country they are of questionable value in halting the continuing decline of native populations.
The current situation in Europe with the noble crayfish Astacus astacus is instructive. This indigenous species is the object of a profitable fishery in Scandinavia (TAUGBØL, 2004) which protects its stocks for exploitation (EDSMAN, 2004) . However, legislation protecting the noble crayfish in the Czech Republic has had a negative impact, particularly because alien signal crayfish were not regulated and so became more prized (EDSMAN and ŚMIETANA, 2004) . Protection of the Atlantic salmon in Poland is believed to have contributed to its eradication because anglers had lost interest in its conservation (EDSMAN and ŚMIETANA, 2004) . The native white-clawed crayfish Austropotamobius pallipes was also formerly fished in the UK and elsewhere up to the 20th century, before stocks were decimated, perhaps by plague. As it is now legally protected across its range, with a ban on capture except under licence, this species is less visible to fishermen and the interested public than is the noble crayfish and is therefore in more danger of disappearing un-noticed.
Populations of Astacus astacus in Sweden are now reduced to a few percent of their earlier strength (EDSMAN, 2004) . Their demise was certainly hastened by the governmentsponsored introduction of the signal crayfish from western North America. Fishermen still frequently move signal crayfish from lake to lake in Sweden, with disastrous results, although there is now strong evidence that the early claims for the superiority of the signal over the noble crayfish in terms of growth rate were incorrect (EDSMAN, 2004) .
It is heartening to note that after national and international consultation, the Swedish authorities have now banned any further live imports or movements of non-indigenous crayfish to their country, despite the presence of large populations of signals and other alien species. This has been notified to the European Commission. Estonia has followed suit (L. EDSMAN, pers. comm.). These courageous stances should be an inspiration to Ireland, which holds currently the only populations of Austropotamobius pallipes in Europe unchallenged by alien species. It is important that Ireland should now implement similar legislation, rather than waiting for their fisheries legislation to be challenged.
The public also has a role to play. As white-clawed crayfish cannot be fished except under licence, it is important to make them more visible and relevant in their Irish stronghold. A change in Irish regulations to allow some recreational fishing has been proposed (REYNOLDS and MATTHEWS, 1996) , and their licenced use in field ecology studies and for other educational activities suggested (REYNOLDS and PUKY, 2005) . One area where crayfish attract comment is in the diet of otters; their carapace and other remains encountered on river banks are an indication of the presence of crayfish populations and their importance in the food web. HOWELLS and SLATER (2004) note that the perceived value of crayfish in Wales increased when their conservation value was better understood in such ecological terms. In summary, we conclude that strong Irish legislation is vital for the protection of white-clawed crayfish in Europe, and this legislation should consider including ways of allowing greater visibility of this important heritage species to the public.
